Comparative analysis of different groups of the planktonic community (phytoplankton, protozoo-and zooplankton) was performed in the pelagic and littoral zones of overgrown Lake Beloe (Volzhsko-Kamskiy Biosphere Natural State Reserve, Republic of Tatarstan, Russain Federation). We detected a remarkable diversity of both pelagic and sublittoral plankton. The planktonic community of the macrophyte zone differs from the community of pelagic zone in a species composition and in larger species diversity.
Introduction
The littoral zone of a lake is known to be an area with a specific complex of conditions that influences the entire lake ecosystem (Nurminen, 2003; Carpenter et al., 1992; Schindler et al., 1996) . Macrophytes are an important component in regulating the biological structure of a lake (Timms, Moss, 1984; Schriver et al., 1995) .
Macrophytes influence organism distribution in a lake (Durte et al., 1986; Moddelboe, Markager, 1997) , light transmission, temperature and pH (Dale, 1986; Duarte et al., 1986; Vant et al., 1986 Vant et al., , 1995 Vant et al., , 1996 Lodge, 1991) .
Macrophyte occurrence in a lake and degree of its overgrowth show trophic conditions of a lake (Schulthorpe, 1967; Toivonen, Huttunen, 1995) . Complex relations between planktonic organisms and between planktonic organisms and macrophytes are a subject matter and a basis for making hypothesis and theories for different scientists (Scheffer et al., 1993 (Scheffer et al., , 1992 Jeppesen et al., 1998) .
Usually, sublittoral planktonic community in the macrophyte zone differs from that in the pelagic zone of a water body and consists of truly planktonic as well as of the periphytic and benthonic species (Barko, James 1999; Karabin, 1985; Lauridsen et al., 1996; Persson, 1991) . Macrophytes form a community habitat and establish development peculiarities of all groups of planktonic community (particularly, protozoo-, zooand phytoplankton) in a littoral zone of a lake with macrovegetation . The problem of planktonic organisms development in macrovegetation is not limited to clearing up differences in biodiversity indicators in various biotopes for diverse planktonic components, but it also involves a study of interaction between macrovegetation and planktonic community as a whole. The interaction is reflected by a competition, by displacing a competitor in space, light interception (shading) or nutrient interception (intensive absorption), by allelopathic influence (Fairchild, 1981; Lauridsen et al., 1997; Nabivaiylo, Titlyanov, 2006; Nurminen, 2003) , by interspecific competition of zooplankton in macrovegetation, by influence of invertebrate predators inter-connected with macrovegetation on zooplankton , 2003 Semenchenko, 2006) .
Besides, this interaction affects structural and productional indicators of the whole planktonic community.
The first stage in research of any problem (particularly, revealing of interaction mechanism) consists of data accumulation.
In this instance, phyto -, protozoo -and zooplankton are researched in various ecotopes diverse in mineralization, chemical structure, the extent of overgrowth and morphometry of various lakes. This work presents the results of the first planktonic community research in macrovegetation of Lake Beloe. The study is intended to identify peculiarities of planktonic community development (as a whole and its separate components), comparing a pelagic part of basin with a littoral one and associations formed by particular macrovegetation species.
Materials and methods

Study site
Lake Beloe (55º55′26.2′′N, 48º45′49.9′′E) is located in a protected zone of the Raifskiy area of Volzhsko-Kamskiy State Natural Biospheric reserve, Republic of Tatarstan, Russian
Federation. It is located in a hydrosystem of the rivers Sumka and Ser-Bulak, located in a karstsuffosion valley (Fig. 1) .
Lake Beloe is a water body of karst-suffosion origin, overgrown (30 % of its area is occupied by macrophytes located along the coastal zone).
Water retention time in the lake is high, its maximum depth of 4 m, which is found in the south-eastern part of the lake (Fig. 2) (Papchenkov, 2006) : helophyte tall grass (Z. latifolia) and helophyte low-grass (S. sagittifolia), submerged rooted hydrophytes (C. demersum and P. angustifolius) and rooted hydrophytes with floating leaves (N. lutea).
Samples were collected with Ruttner bathometer (4 L). In macrophyte beds water was sampled from a surface layer (0.1-0.3 m).
In the pelagic zone samples for phyto-and protozooplankton analyses and zooplankton analyses were taken from a surface layer (0.1-0.3 m) and from the whole water column (0-4 m), respectively.
Phytoplankton analysis
Phytoplankton was concentrated by filtering 0.5 L of sample through membrane filters of 1 µm pore diameter using Komovskiy pump and fixed in 4 % formalin. Cells calculation was made in Uchinskaya chamber (0.01 ml volume). Algae biomass was determined with geometric figures method (Kouzmin, 1984) . Algae identification was made using standard guidebooks from the series "Susswasserflora von Mitteleuropa" (Ettl, 1983; Ettl, Gartner, 1983; Ettl et al., 1990; Hellawell, 1986; Husted, 1939; Krammer, Lange-Bertalot, 1986 , 1991a , 1991b Komarek, Anagnostidi, 2000; Popovsky, Pfiester, 1990; Starmach, 1985; Systematik und Biologie, 1983) .
Protozooplankton analysis
Only ciliates from the group of protozoa were studied in this research. Ciliates were identified in alive state, or using samples fixed with mercury chloride (HgCl 2 ) and in vapors of osmium. We also used impregnation by silver nitrate (AgNO 3 ) (Chatton, Lwoff, 1936) and Feulgen nuclear staining. For species identification we used guide books as well as different papers (Corliss, 1979; Curds et al., 1982 Curds et al., , 1983 Foissner et al., 1991 Foissner et al., , 1999 Kahl, 1931 Kahl, -1935 . Counting of planktonic ciliates was performed after concentration 300 ml of a sample (Mamaeva, 1979) and its fixation with saturated solution of mercury chloride (HgCl 2 ). The results were generalized according to taxonomic system of E.B. D.H. Lynn (1985, 2000) , taking into consideration other literature sources (Yankovski, 2007) . The trophic groups of ciliates were determined based on Pratt and Cairns (1985) , Mamayeva (1979) and Zharikov (1996) .
Zooplankton analysis
For zooplankton analysis we concentrated our measurements were used to calculate the biomass. The average length of the body was converted to weight by method of Vinberg (1971) and Balushkina & Vinberg (1979) . The guide books of Kutikova (1970 ), Manuylova (1964 , Smirnov (1976 Smirnov ( , 1996 and Orlova-Bienkowskaja (2001) were used for identification of the zooplankters.
Data analysis
In every group (phytoplankton, protozooplankton, zooplankton) we considered as dominant species those with abundance and biomass not less than 10 % of a total abundance and biomass (Belova, 1998) .
Species diversity was evaluated using
Shannon index (Odum, 1975) :
results were generalized according to taxonomic system of E.B. Small and D.H. Lynn ( 1 2000), taking into consideration other literature sources (Yankovski, 2007) . The trophic g of ciliates were determined based on Pratt and Cairns (1985) , Mamayeva (1979) and Zha (1996) .
Zooplankton analysis
For zooplankton analysis we concentrated 5 L of water by filtering it through Apstei of 64 µm mesh size. Zooplankton samples were fixed with 4 % formalin and counted i Bogorov chamber. Abundance (ind./L) and biomass (mg/m³) were calculated for each spec each sample. The tables of standart weights of organisms (Morduhay-Boltovskoy, 1954) an measurements were used to calculate the biomass. The average length of the body was conv to weight by method of Vinberg (1971) and Balushkina & Vinberg (1979) . The guide boo Kutikova (1970 Kutikova ( , 2005 , Manuylova (1964) , Smirnov (1976 Smirnov ( , 1996 and Orlova-Bienkow (2001) were used for identification of the zooplankters.
Data analysis
In every group (phytoplankton, protozooplankton, zooplankton) we considere dominant species those with abundance and biomass not less than 10 % of a total abundanc biomass (Belova, 1998) .
Species diversity was evaluated using Shannon index (Odum, 1975) :
Ni -the abundance of species (i);
N -the total abundance of all species (W).
Pielou index was used for confirmation of species community equitability on abundan E = H/log N where N -species community abundance in biocenosis (Odum, 1975) .
Similarity of the planktonic communities in different ecotopes was calculated where: Ni -the abundance of species (i); N -the total abundance of all species (W).
Pielou index was used for confirmation of species community equitability on abundance:
where N -species community abundance in biocenosis (Odum, 1975) .
Similarity of the planktonic communities in different ecotopes was calculated with Sørensen's similarity coefficient:
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rity of the planktonic communities in different ecotopes was calculated with imilarity coefficient:
a -the number of species in the first ecotope, b -the number of species in the ope, c -the number of species common to both ecotopes (Odum, 1975) .
where a -the number of species in the first ecotope, b -the number of species in the second ecotope, c -the number of species common to both ecotopes (Odum, 1975) .
Stand Density Index (SDI) was calculated for each species in community. SDI is the criteria, connecting average biomass (B) and the abundance of individuals (N), characterizing species inside of biocoenosis (Dedyu, 1989) :
Density Index (SDI) was calculated for each species in community. SDI is the ecting average biomass (B) and the abundance of individuals (N), characterizing e of biocoenosis (Dedyu, 1989) :
y the variations of plankton community, a principal component analysis (PCA) was PCA was made for the total community on the basis of Stand Density Index. analysis was made using Sørensen's similarity coefficient for planktonic in different ecotopes. Clustering of data was made by Ward method, euclidean used as grouping parameter. cal analysis (data clusterization and factor analysis) of the results was made using tware, version 6.0 (StatSoft Inc., USA). of a bathymetric map of the Lake Beloe was executed in the program Surfer 12 ware Inc., USA). Plotting of a bathymetric map of the Lake Beloe was executed in the program Surfer 12 (Golden Software Inc., USA).
Results and discussion
Species diversity and species specificity of planktonic community in different biotopes
In 2006 (Table 1) .
Only two dominants were registered in the phytoplankton community of P. angustifolius - was registered in S. sagittifolia zone ( Table 1) .
Characteristics of general quantity parameters of planktonic community
Maximum total abundance (4.85 x 10 6 ind./L) and biomass ( (Table 1) . High abundance and biomass of plankton in submerged rooted plants communities was noticed previously Mukhortova, 2008; Tarasova, 2008; Unkovskaya et al., 2010) . It is explained by (1) 
Structure of plankton in different zones
Chlorophyta was the only group dominating in phytoplankton of all zones in 2006 ( (16); Dinobrion divergens (14);
Stephanodiscus hantzschii (12) Stephanodiscus hantzschii (56) ; Eudorina elegans (14); (22) Cyclopoida copepodites III-IV (41); Cyclopoida copepodites I-II (21); Simocephalus vetulus (O.F. Muller,1776) (10); Ceriodaphnia reticulata (12) Potamogeton angustifolius n.f. n.f.
Ceratophyllum demersum -
Cyclopoida copepodites III-IV (21); Mesocyclops leuckarti (Claus, 1857) (13);
Sagittaria sagittifolia nauplius Cyclopoida (11) Cyclopoida copepodites III-IV (33)
Zizania latifolia nauplius Cyclopoida (11); Ceriodaphnia reticulata (12) Mesocyclops leuckarti (35); Acanthocyclops vernalis (Fischer, 1853) (10); Eucyclops macruroides (Lilljeborg, 1901) (20) * In parentheses we indicated the abundance of species (in percent of the total abundance or biomass); «-» -absence of dominant species (> 10 % of total abundance or biomass); n.d. -not determined n.f. -not found Continuation Table. 2 Another peculiarity of the plankton of Lake Beloe in 2006 was a relatively high number of Rotifera in pelagic zooplankton (44 %) comparing with littoral community (11-24 %) .
Our results are in a good agreement with those by O. Yu. Derevenskaya (2002) , who also found high abundance of Rotifera in the pelagic zone of Lake Beloe. As Rotiferia prefer more eutrophic conditions, we can propose that in the littoral zone macrophytes adsorb the organic particles from the water, but there is a lot of fine detritus on the was more considerable. Some authors (Lauridsen et al., 1997; Zimbalevskaya, 1981) observed similar distribution of filterers and predators in zooplankton community.
Ciliate community was characterized by the dominance of predators in pelagic plankton (54 % of total number and 92 % of total biomass). In macrophyte zone, besides bacteriodetritophages, the dominants in the plankton were hystophages of genera Coleps and Ophryoglena (76 % of the total abundance of ciliates in C. demersum), which consume decomposing plant tissues and even being predators. Probably, the degradation processes are more intensive in the C. demersum zone. In contrast, in Lake Raifskoe, located close to Lake Beloe, the predators are found only in plankton from macrophyte zone (Bykova, Zharikov, 2009 ). The reason of such differences is not obvious. They were associated mainly with a community of S. sagittifolia and able to consume fine phytoplankton. Obviously, zooplankton in both cases prefers to consume medium-sized algae and ciliates (Nurminen, Horppila, 2002; Gulati, DeMott, 1997 et al.) Our study has demonstrated that plankton of macophyte zone is characterized by a high species diversity and peculiarity of all groups as compared with pelagic zone of Lake Beloe. 
